Introduction
T he study of the relationship between income and population health has received considerable attention in the last decades, with considerable debate about the nature of the ties between income, income inequality, health and health inequality. [1] [2] [3] Three main explanations of the relationship between income inequality and health have been identified in the field of social epidemiology: the absolute, the contextual and the relative income effects. 4 Evidence about their relevance, particularly in egalitarian societies such as the Scandinavian one, is, however, inconsistent. The present study therefore seeks to test these three hypotheses in the context of northern Sweden.
First, the 'absolute income effect' states that higher individual income improves individual health, as more resources can be devoted to health services or goods that are beneficial to one's wellbeing. 1 The curvilinear relationship between individual income and health postulated by Rodgers 5 has been observed almost universally and numerous studies have supported the hypothesis that individual income has a profound effect on individual's health. 1, [6] [7] [8] Second, the 'contextual income effect' (also labelled the 'contextual effect of income inequality' or the Wilkinson hypothesis) instead postulates that a main determinant of individual health in high income countries is the degree of income inequality within a society 9 ; i.e. a contextual effect of the population level phenomenon of income inequality, in addition to any absolute income effects. Existing research however provides divergent support for the relationship since contradictory results have been observed depending on the geographical level of analysis, the context where the research was carried out, [10] [11] [12] [13] [14] and the type of health outcome studied. 15 Third, the 'relative income effect' states that income influences health through one's relative income position; that those who are lower in the income hierarchy are more likely to experience stress and frustration stemming from invidious upward social comparisons, in the end leading to worse health. The empirical evidence for this relative effect is diverse with several studies finding virtually no such effects, [16] [17] [18] while others report support for the hypothesis. [19] [20] [21] [22] Taken together, these notions indicate that the phenomenon of income inequality and health may simply be more complex than initially anticipated.
The relationship between 'absolute income' and health is well established in Sweden, confirming the curvilinear pattern observed internationally and with a similar effect in both sexes. 18, 23 Swedish studies of the 'contextual income effect' from the 1990s-at a time when income inequalities were comparatively low in the country 24 found no health impact of income inequality at municipal or county levels, 18, 25 with some even reporting associations in the reverse direction. 26 However, two more recent studies from the 2000s, when income inequalities were higher, have in contrast showed a clear association between income inequality at municipal level and selfrated health and mortality. 27, 28 The few Swedish studies have explored the role of the 'relative income effect' (measured through the concept of relative deprivation) in the income-health relation have produced contradictory results. While a study from the 1990s showed no association with mortality, 18 more recent studies have observed a positive relationship between relative deprivation and poor self-rated health, premature mortality and absence due to sickness from work. [29] [30] [31] Taken together, these admittedly few studies thus suggest that particularly the 'contextual' and the 'relative income effect' hypotheses may have become more relevant for the Swedish context in recent years. Given the national concern about mental health, 32 and the potential context dependence of the relationship between income inequality and health, [27] [28] [29] [30] the present study aimed to test the three explanations focusing on psychological distress in the northern region of Sweden. Specifically, we investigated whether the hypotheses of: (i) 'the absolute income effect', (ii) 'the contextual income effect' and (iii) 'the relative income effect' were operating in the four northern counties of Sweden.
Methods

Data source
The data came from a cross-sectional survey known as 'Health on equal terms' (HET) carried out in 2014 by the four northern-most counties in Sweden: Jämtland/Härjedalen, Västernorrland, Västerbotten and Norrbotten. The target population includes 16-to 84-year-old residents in either of the four counties. Only people older than 25 years were included in this study, since own income is of uncertain validity for young people due to the frequent but varying dependence on the income of parents. The survey uses a two-stage complex probabilistic sample that is representative of the county and municipal level.
From the selected population, $50% answered the survey for each one of the counties. The sample in 2014 comprised 21 004 individuals (Jämtland/Härjedalen N = 4221, 20.10%); Västernorrland N = 3778, 17.99%); Västerbotten N = 5800, 27.61%; Norrbotten N = 7205, 34.30%).
All participants in the HET survey have given their informed consent for the data to be used for research purposes. The use of the HET survey in the present study was reviewed and approved by the ethical committee at The Regional Ethical Review Board in Umeå (2015/134-31Ö ).
Measures
Health outcome
'Psychological distress' was measured by the 12-item version of the General Health Questionnaire (GHQ-12). We used the 0-0-1-1 scoring method recommended by the creators of the instrument (range 0-12), with psychological distress or 'GHQ-caseness' defined as a scoring of 3 or higher. 33, 34 The GHQ-12 was the main mental health outcome available in the survey.
Income variables
Information on individual disposable income, defined as the amount left for consumption or savings after taxes have been paid and all positive and negative transfers have been made, came from the total population register of Statistics Sweden and was linked to each participant in the survey, as well as aggregated at the municipal level.
'Absolute income' (aim 1) was operationalized by disposable income divided into quintiles (quintile 1 being the richest) for each sex group.
'Contextual income' (aim 2) was operationalized as the municipal level Gini coefficient, as an indicator of income inequality. Moreover, the average income in each municipality in 2014 was used as a contextual control variable. Both variables were extracted from Statistics Sweden and divided into quintiles.
'Relative income' (aim 3) was operationalized by the concept of 'relative deprivation'. 35 Based on the work of Eibner et al., 36 the Yitzhaki index was used to capture relative deprivation:
where the amount of relative deprivation for individual i is the sum of the income gap between individual i and all individuals with a higher income in that person's reference group (y j À y i , where j has higher income than i) divided by the total number of people in the reference group (N). Since the reference group for each individual was not directly measured, we followed the approach of fitting alternative definitions of reference groups. 20, 29 For the present study, we used three different sex-specific reference groups-individuals in the same age group (26-45, 46-65, older than 65); individuals with the same occupation (blue and white collar workers); individuals living in a similar geographical area (using the four categories of the rurality variable, below); as well as the combination of these three reference groups, as previously done in the Swedish context. 30 The Yitzhaki index was divided into quintiles (quintile 1 representing the least income gap) and the combination of the three sex specific reference groups is presented in the main analysis.
Covariates
Throughout the analyses sex, age, education, civil status, immigration background and 'occupation' were used as covariates: (i) age was coded into three groups (26-45, 46-65 and 66-84 years); (ii) level of education also in three: compulsory (low), medium and postgraduate (high) as characterized by Statistics Sweden; (iii) civil status was organized in four groups: married or cohabiting, unmarried, divorced and widow; (iv) immigration background, defined as being born in Sweden, Europe/North America or outside these regions; and (v) the occupation variable was created by recoding the Statistics Sweden's socioeconomic classification into white-collar (non-manual employees and self-employed) and bluecollar (manual workers) occupations. Finally, a variable representing rurality at municipal level was also created including four groups: municipalities with population >50 000, 10-50 000 with hospitals, 10-50 000 without hospitals and <10 000 inhabitants.
Statistical analysis
In the analysis, frequency tables and percentages were used to present the descriptive measures of the population, municipalities and the health outcome. Initially, a multilevel analysis was planned with municipalities at second level but given the low variability in mental health present among the municipalities (Intra-class correlation = 0.00 in the null model), a single level strategy using a logbinomial regression analysis was performed.
Four models were built in order to assess each of the three research questions. In Model 0, the bivariate analysis between the different independent variables and psychological distress was calculated. In Model 1 (addressing aim 1; the absolute income effect), the relation between individual income and psychological distress was assessed adjusted for the rest of individual level covariates. In Model 2 (addressing aim 2; the contextual income effect), the municipal Gini coefficient was the main exposure variable and the rest of individual and contextual variables used as confounders. To capture the relative income effect (aim 3), Model 3 was run including the quintiles of the Yitzhaki index and the rest of variables including disposable individual income as potential confounders.
Low levels of collinearity was found between individual income and the Yitzhaki index (variance inflation factor =1.2). Prevalence ratios (PR) and 95% confidence intervals were calculated in each one of the models. Interactions between individual income/relative income and the Gini coefficient were tested but no significant results were found. Adjusted models with the Yitzhaki index for each one of the three univariate reference groups (age, occupation and rurality) can be found in Supplementary Appendix S1 and stratified analyses by sex in Supplementary Appendix S2.
Results
The characteristics of the sample population are summarized in table 1. The sample was approximately equally distributed in terms of sex, age and occupation. Most of the participants were married or cohabiting and were born in Sweden. A considerable proportion of the population was low educated (48.85%) and lived in small rural municipalities (39.05%). A higher prevalence of psychological distress was found among women, young people, unmarried and among those born outside Sweden. An increasing trend in ill mental health was observed with decreasing individual income and increasing relative deprivation.
The crude analysis (table 2, Model 0) showed a statistical significant relationship between psychological distress and absolute as well as relative income, but not with the municipal-level Gini coefficient. All covariates except occupational class were also related to psychological distress.
Model 1 in table 2 shows the association between absolute income and psychosocial distress adjusted for individual level variables (aim 1; absolute income effect). A strong individual income gradient in mental ill health was observed, with the very poor more likely to report poor health (PR = 2.02; 95% CI = 1.76, 2.32) compared with the highest income quintile.
The municipality income inequality effect on psychosocial distress (aim 2; contextual income effect) was assessed in Model 2 in table 2, with adjustment for individual income and other key individual predictors, average municipality income and the size of the municipality. No mental health gradient was seen, but instead individuals living in municipalities with a Gini coefficient in quintile 2-3 had better mental health compared with residents in the most equal municipalities (quintile 1).
Model 3 showed a clear gradient of poor mental health and relative deprivation (aim 3; relative income effect), with those in the quintile with the largest difference presenting the higher risk of psychological distress (PR = 1.37; 95% CI = 1.06, 1.76), independently of the other covariates. Figure 1 illustrates the effects of the different income hypotheses on psychological distress, showing a strong, moderate and no association between mental health and absolute, relative and contextual income, respectively.
Discussion
To the authors' knowledge, this is the first study simultaneously testing three prevalent hypotheses concerning the relationship between income inequality and health, applied to psychological distress in a population sample in the northern region of Sweden. The results suggest a strong support for the absolute income effect hypothesis, moderate support for the relative income effect hypothesis, but no support for the contextual income effect hypothesis. The study thereby illustrates the comparative relevance of the three hypotheses and more broadly informs on how income and income inequality may impact on mental health in a Nordic welfare state context.
Whereas there is a considerable literature on the relationships between income inequalities and health, the majority of research has focused on one of the hypotheses, which hampers assessment of their relative importance and direct comparisons to the present study. Nevertheless, the strong support found for an absolute income effect corresponds to the large body of research across contexts establishing an importance of income, and financial and socioeconomic conditions more broadly, for multiple forms of health. [16] [17] [18] 21, 37, 38 When it comes to the relative income effects hypothesis, the body of literature is considerable smaller, and support for the hypothesis less consistent, possibly dependent on the setting. Studies in the USA and Japan have generally reported evidence in support of the hypothesis as applied to both self-rated health and mortality, 19, 20, 39 while studies based in the UK have failed to demonstrate any association. 16, 17, 40 However, relative income appears to be relevant for mental health over and above the effects of absolute income. 21, 22 When it comes to Sweden, three previous studies have explored the hypothesis in relation to health outcomes. In the first of these studies, Gerdtham et al., using data from mid-1990s, found no association between mean municipal income and mortality. 18 The second study, found that relative deprivation, defined as having an income below 70% of the mean income level in the reference group, was associated with poor self-rated health among men but not among women. 29 In the last study, 30 relative deprivation was measured by the Yitzhaki index, and found a significant association with premature mortality, over and above the effect of absolute income, with a stronger effect among men. Despite the substantial methodological differences, involving different deprivation measurements and health outcomes, the more recent findings thus seem to correspond to our findings of an association between relative deprivation and psychological distress.
Our results showed an effect of relative deprivation when the combination of the three reference groups was used, but not when considered separately (Supplementary Appendix S1). This finding highlights the importance of exploring which reference groups can be more salient to health, and suggest that a precisely formulated multidimensional reference group might be necessary to capture relative deprivation. The contextual income inequality effects hypothesis was initially formulated with reference to country-level income inequalities and has gained a certain degree of empirical support when it comes to between-country comparisons. 9 However, with accumulating research broadening the scope of the hypothesis, 10-14 recent reviews have identified a number of more specific empirical patterns. 3, 41 First, the relationship between income inequality and health seems to differ by the geographical level of analysis, declining from international comparisons, to large subnational areas and further to the smallest units. Second, studies based on US data report strong association between income inequality and health than those from other countries, thus suggesting a strong importance of context. Third, the association between income inequality and health do seem to be surprisingly similar irrespective of the choice of health outcomes, e.g. mortality, self-reported health or specific diseases. The lack of support for the hypothesis in the present study may be reflection of the first and second points. Nevertheless, it should be pointed out that two other Swedish studies measuring municipal income inequality have found partial support for the hypothesis; one study from Stockholm reported a moderate association to self-rated health, explained by municipality spending on social goods, 27 and a national register-based study found an association between municipal income inequality and mortality, but isolated to the age group 65-74 years. 28 While it is unclear why these studies partly contradict our findings, it is possible that the context-sensitivity of the hypothesis.
13,14 also applies to within countries, or that the outcome-universalism does not apply to the Swedish context.
Methodological considerations
The strengths of the present study include a large population-based random sample, a combination of survey data and linked information on key variables from high-quality total population registers, and an established outcome measure with good psychometric properties in the Swedish context. 34 The study was cross-sectional, which precludes causal inferences. For example, whereas reverse causality may be less apparent in case of contextual income and health, it is entirely possible that severe health impairments may lead to lower income than the other way around, e.g. through exclusion from the labour market. Moreover, the participation rate was around 50%, which invites the possibility of selection bias. No publicly information is available on, e.g. the sociodemographic characteristics of the specific target population of the present study to explore the magnitude and nature of such bias, but is reasonable to suspect underrepresentation of the disadvantaged population, e.g. those with very low income and severe mental health problems. Although such selection bias is less likely to impact substantively on measures of association than prevalence estimates, the impact of this bias on the estimates and inferences is ultimately unknown and the results should therefore be interpreted with caution.
Annual disposable individual income, the main measure of income used, covers fairly well the functional financial situation, but does not include untaxed income, wealth or economic resources access though others, e.g. family members. For the latter part, household income would have been an alternative; however, the HET survey does not include information on all family members why no equalized household income measure can be calculated.
The analytical method was chosen in order to test the three different hypotheses within the same analytical approach and thereby enable comparison between them. Concerning the absolute income hypothesis, the limitations of the income measures above apply. For the relative income effect we operationalized it by relative deprivation, which is one out of several possible operationalizations, 36 each of one possibly leading to different results. There is also an inherent limitation in the way the reference groups were constructed which might not reflect the factual social comparisons. Similarly, the contextual income effects in this study was based on municipal-level income inequality, but the hypothesis as such is likely sensitive to the choice of geographical boundaries; e.g. it is possible that a stronger contextual income effect could be discernable at larger (country) or smaller (neighbourhood) levels.
Conclusion
The present northern Swedish population-based study found a strong association between absolute income level and mental health, with a weaker but discernable association of individuals' income relative to the income of others in the same reference group, but no independent association of municipal-level income inequality. The study thereby gives strong support for an absolute income effect, a moderate support for relative income effect and no support for a contextual income effect on mental health in the context of a northern welfare state. Interventions targeting a reduction in the individual income gap may be necessary in order to reduce psychosocial distress differences in this population of northern Sweden.
Supplementary data
Supplementary data are available at EURPUB online.
income effect hypothesis, but no support for the contextual income effect hypothesis in relation to psychosocial distress. Interventions targeting a reduction in the individual income gap should be considered by policymakers in order to reduce psychosocial distress differences in this population of northern Sweden.
